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Abstract 
Access to pathogen free safe drinking water is one of the major challenges of the 21st century for most of the 
people of world. According to WHO guidelines, 100 ml sample of safe drinking must be free of total coliform, 
fecal coliform and E. coli. Hence, this study was designed for bacteriological evaluation of drinking water 
collected from different restaurant in Rajshahi city, Bangladesh. Among 10 samples, no detectable E. coli was 
found in 5 water samples (100 ml each) while 8-50 detectable E. coli in 100 ml water sample was found in the 
remaining 5 samples which exceeded the BDS and WHO standard of drinking water. Four randomly selected 
isolates (B1, B2, B3 and R) which were isolated from different water samples were subjected to 16S rRNA gene 
sequencing. It was found  that the 16S rRNA sequence of isolate B1, B2 and B3 had 98% similarity to that of 
Enterobacter asburiae, Escherichia coli and Acinetobacter sp respectively. Similarly, 16S rRNA sequence of 
isolate R had 99% similarity to that of Klebsiella pneumonia. Results of biochemical analysis revealed that all 
four isolates were negative to Catalase, KOH and Oxidase test while variations were found for other tests. 
Similarly, all four isolates were able to ferment all tested carbohydrates except cellulose. The optimum pH and 
temperature for the growth of the all isolates was pH 7.0 and 37ºC. It was found that all the isolates were sensitive 
to majority of the antibiotics used. 
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1. Introduction  
Water is essential for sustaining all life forms. An average human body contains 42 liters of water. With a loss 
of 2.7 liters, one can suffer from dehydration, weakness and headaches and consequently reach a state of 
pathology [1]. But, access to safe drinking water is one of the major challenges of the 21st century for most of 
the people of world. According to United Nations Millennium Declaration, 2000, access to clean and safe 
drinking water is a basic human need and microbiological control of drinking water should be the norm 
everywhere[2]. Reservoirs (dams), irrigation canals, wells and other withdrawal activities show that human have 
a manipulating and important impact on water cycle[3]. Displacements of people, loss of wild life and 
continuous alteration in river ecology and hydrology is the another effect[4]. The fecal contamination of the 
fresh water sources also poses a major threat to the mankind. Direct discharge of domestic wastes leaching from 
poorly maintained septic tanks and improper management of farm wastes are suspected as the major sources of 
water borne disease[5, 6]. Many developing regions suffer from the lack of safe drinking water for their 
population. About 800 billion people in Asia and Africa are living without access to safe drinking water 
consequently this has caused many people to suffer from various waterborne disease[7]. Mortality and morbidity 
from waterborne disease can be very high. The World Health Organization's (WHO) World Health Report for 
1996 (APHA, 1995) estimates total mortality from diarrheal disease at over 3 million cases for 1995, with more 
than 80% among children under age 5. Food borne outbreaks of infectious disease can of course originate 
through food preparation with contaminated water. Low levels of pathogens in drinking water may rapidly 
multiply to infectious doses when associated with food. In addition, a susceptible host can become infected from 
drinking water and subsequently spread disease to others through person to person contact[8]. Provision of 
microbiologically safe drinking water therefore has dramatic impacts not only on incidence of waterborne 
disease but also on secondary transmission pathways. The most important bacterial gastrointestinal diseases 
transmitted through water are cholera, HUS, salmonellosis and shigellosis.  The usefulness of indicator bacteria 
in predicting the presence of pathogens was well illustrated in many studies, namely by Wilkes and his 
colleagues 2009[9]. Routine basic microbiological analysis of drinking water should be carried out by assaying 
the presence of Escherichia coli by culture methods. According to the American legislation, total coliforms are 
the routine parameter to be determined. When these determinations are repeatedly positive, it is mandatory to 
assess fecal coliforms[10, 11]. Based on WHO and Indian drinking water standard, drinking water must be 
without any fecal coliforms bacteria in each 100 ml of water sample[12, 13]. However, the presence of 
pathogenic bacteria in water is sporadic and erratic. Hence, isolation and culture of these bacteria is not straight 
forward. For these reasons, routine microbiological analysis of water does not include the detection of 
pathogenic bacteria. But, safe water demands that water is free from pathogenic bacteria[14]. Lastly, pathogens 
in water derived from fecal contamination are the principal concerns in setting health-based targets for microbial 
safety[15, 16]. Therefore, regular bacteriological evaluation of drinking water of an area is a prerequisite for 
ensuring safety of human life of that area. But, recent information on bacteriological evaluation of drinking 
water in Rajshahi city, Bangladesh is unavailable while around 1 million residents of this city are drinking this 
water. Hence, this study was aimed to evaluate bacteriological contamination in drinking water available in 
different restaurants in Rajshahi city, Bangladesh.   
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2. Materials and methods 
2.1 Sample collection 
Total 10 samples were collected from different restaurant of Rajshahi university campus and central city of 
Rajshahi. Experiments were carried out within 1-4 hours after collecting the samples. As a negative control 
blank sample (autoclaved distilled water) was used in this investigation. All the samples were kept at 4ºC until 
these were analyzed. 
2.2  Most Probable Number (MPN) technique 
This technique was used to detect the fecal coliforms. The test was performed sequentially in three stages 
namely the presumptive, confirmed, completed tests. Dehydrated double and single strength MacConkey liquid 
media (Himedia) and EMB agar media (Himedia) were used in these experiments.  
2.3 Presumptive test 
Three set of tubes each containing three test tubes and Durham’s tube was used in this experiment. First set 
containing 10.0 ml of double strength MacConkey liquid media were inoculated aseptically with 10.0 ml of 
water sample. Similarly, 2nd and 3rd sets containing 5 ml of single strength MacConkey liquid media were 
inoculated aseptically with 1.0 ml and 0.1 ml of water samples respectively. Then, tubes were incubated at 37°C 
for 2 days. Tubes were then observed for gas production after 24 and 48 hours. The presence of gas in any tube 
after 24 hr. was a positive presumptive test, the numbers of tubes in each set showing gas production were 
counted and the most probable count number/100 ml of the water sample was calculated by comparing with 
McCrady Chart, following the standard methods for examination of water given by APHA[17].  
2.4 Confirmed test 
This test was applied to all samples that give a positive or doubtful presumptive test. Inoculum from the 
MacConkey liquid media tube showing positive presumptive test with least quantity of water sample, was taken 
and streaked onto a plate of Eosin methylene blue (EMB) agar and kept for over-night incubation at 37°C. If 
typical dark colored colonies with green metallic sheen developed (most probably colonies of E. coli) on the 
plate within this period, the confirmed test was considered to be positive. 
2.5 Completed test 
From the EMB-agar plates, a single dark colored colony with metallic sheen (most probably colony of E. coli) 
was picked up and inoculated into 5ml peptone water and incubated at 37°C. After 4 hr. of incubation of 
peptone water at 37°C, inoculum from the incubated peptone water was inoculated on to citrate slope. Then, 
inoculated citrate media is incubated at 37°C, in an incubator, and the previously inoculated peptone water is 
further incubated at 44°C in a water bath for overnight incubation.  
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2.6 Biochemical tests  
Since, bacteria Escherichia coli (E. coli) and Enterobacter aerogenes (E. aerogenes) bear a close resemblance 
to each other in their morphological and cultural characteristics, biochemical tests were performed to 
differentiate between them. The Triple Sugar Iron (TSI) Test, Simmons citrate test, Catalase Test, KOH Test, 
Oxidase Test were performed using protocol as previously described [18]. 
2.7 Fermentation test 
Ability of the isolates for fermentation of Glucose, Fructose, Sucrose, Cellulose, Lactose, Maltose, Galactose 
and Xylose were tested using protocol as previously described[18]. 
2.8 Antibiotic sensitivity test 
 Sensitivity of antibiotic to the isolated bacteria was performed as described previously [19, 20]. Azithromycin  
Ciprofloxacin Ampicillin Cefradine Cefalexin Kanamycine Amoxyclav Doxycycline Streptomycin Gentamicin 
Erythromycin Tetracycline were used for test. 
2.9 Effects of temperature and pH on bacterial growth 
To determine the optimum pH of bacterial growth, culture medium was adjusted to pH 6, 7 and 8.0. For 
determination of optimum temperatures, inoculated media were incubated at 28
º
C, 37
º
C and 42
º
C. The growths 
of bacteria at different condition were determined at different time intervals by measuring optical density at 660 
nm with photoelectric colorimeter.  
2.10 Molecular characterization 
Genomic DNA was extracted from dye decolourizing bacteria using CTAB method [21]. A universal PCR 
primer was used for amplification of 16S rDNA fragments. The protocol as previously described [22]. Briefly, 
the PCR amplification was performed by Swift™ Minipro Thermal Cycler (Model: SWT-MIP-0.2-2, 
Singapore) using the following program: Denaturing at 95°C for 5 minutes, followed by 40 cycles of 40 seconds 
of denaturing at 95°C, 60 seconds of annealing at 65°C and 2 minutes of elongation at 72°C with a final 
extension at 72°C for 10 minutes. Then, the PCR products were subjected to 1% agarose gel electrophoresis, 
stained with ethidium bromide and visualized on a UV transilluminator for the presence of about 1500 bp PCR 
products. PCR amplified 16s rDNA of the screened isolates was sent for automated sequencing (Applied 
Biosystem 3130) to the Centre for Advanced Research in Science (CARS) under Dhaka University, Bangladesh. 
The sequence generated from automated sequencing of PCR amplified DNA was analyzed through NCBI 
BLAST (http://www.ncbi.nlm.nih.gov) program to find out possible similar organism through alignment of 
homologous sequences. Finally, the isolates were identified based on alignment of partial sequence of 16S 
rDNA with the existing sequences available in the database. 
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3. Results 
The presence of E. coli, an ideal indicator organism, in water sample indicate the water might be contaminated 
with pathogenic organism. According to WHO (1996) and BDS (1240:2001), the standard cfu of E. coli per 
100ml is ‘0’. From the results of MPN it was found that among 10 samples 5 samples were within BDS and 
WHO standard while remaining 5 samples exceeded the standard (Table 1).  
Table1: Load of E.  coli (cfu) in drinking water in Rajshahi City. 
Serial 
No. 
Site of Location E. coli (MPN/100ml) 
BDS standard and WHO guide  line 0 cfu 
/100ml 
1.  
Rahmania restaurant 36 
Value exceed BDS Standard and WHO 
guideline 
2.  
Biddut restaurant 50 
Value exceed BDS Standard and WHO 
guideline 
3.  
Court Bazar restaurant Nil 
Values within BDS Standard and WHO 
guideline 
4.  Rail Station footpath 
restaurant 
17 
Value exceed BDS Standard and WHO 
guideline 
5.  
Tripti restaurant 11 
Value exceed BDS Standard and WHO 
guideline 
6.  Memori biryani house 
restaurant 
8 
Value exceed BDS Standard and WHO 
guideline 
7.  
Madaripur restaurant Nil 
Values within BDS Standard and WHO 
guideline 
8.  
Monir restaurant Nil 
Values within BDS Standard and WHO 
guideline 
9.  
Sagor canteen Nil 
Values within BDS Standard and WHO 
guideline 
10.  Bottola Tahari house 
restaurant 
Nil 
Values within BDS Standard and WHO 
guideline 
Four isolates (B1, B2, B3 and R) were subjected to 16S rRNA gene sequencing. The use of 16S rRNA gene 
sequences to identify bacteria has been certainly the most common method[23]. Hence, the isolated bacteria 
were subjected to 16S rRNA sequence based identification. Interestingly, the sequence analysis and subsequent 
BLASTn analysis indicated that the 16S rRNA sequence of isolate B1, B2 and B3 collected from drinking water 
had 98% similarity to that of Enterobacter asburiae, Escherichia coli and Acinetobacter sp respectively (Table 
2; Fig. 1, 2 and 3). Similarly, 16S rRNA sequence of isolate R had 99% similarity to that of Klebsiella 
pneumonia (Table 2; Fig. 4).  
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Figure 1: Unrooted Phylogenetic tree showing the genetic relationship between the isolate B1 collected from 
drinking water and reference 16S rDNA sequences from the GenBank based on partial 16S ribosomal RNA 
gene sequences. 
 
Figure 2: Unrooted Phylogenetic tree showing the genetic relationship between the isolate B2 collected from 
drinking water and reference 16S rDNA sequences from the GenBank based on partial 16S ribosomal RNA 
gene sequences. 
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Figure 3: Unrooted Phylogenetic tree showing the genetic relationship between the isolate B3 collected from 
drinking water and reference 16S rDNA sequences from the GenBank based on partial 16S ribosomal RNA 
gene sequences. 
 
Figure 4: Unrooted Phylogenetic tree showing the genetic relationship between the isolate R collected from 
drinking water and reference 16S rDNA sequences from the GenBank based on partial 16S ribosomal RNA 
gene sequences. 
Out of all isolates, one of the E. coli isolates (B2) and three of other isolates (B1, B3 and R) were subjected to 
biochemical assays. Results of biochemical analysis revealed that all four isolates were negative to Catalase, 
KOH and Oxidase test while variations were found for other tests(Table 2). Similarly, all four isolates were able 
to ferment all tested carbohydrates except cellulose (Table 3). 
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Table 2: Result of biochemical studies. 
Name of the tests B1 B2 B3 R 
Triple sugar iron (TSI) test +ve +ve -ve +ve 
Simmons citrate test +ve -ve -ve +ve 
Sulfide indole motility (SIM) test +ve +ve -ve -ve 
Catalase Test -ve -ve -ve -ve 
Growth on MacConkey agar +ve +ve -ve +ve 
KOH Test -ve -ve -ve -ve 
Oxidase Test -ve -ve -ve -ve 
Table 3:  Results of fermentation test. 
Sample ID Fructose Sucrose Maltose Cellulose Galactose 
B1 +ve +ve +ve -ve +ve 
B2 +ve +ve +ve -ve +ve 
B3 +ve +ve +ve -ve +ve 
R +ve +ve +ve -ve +ve 
The patterns of sensitivity and resistance of isolating bacterial cultures to 15 different antibiotics were tested by 
the disc method using on EMB (Eosin Methylene Blue) agar medium after overnight incubation at 37ºC. It was 
found that all the isolates were sensitive to majority of the antibiotics used (Table 4).   
Table 4: Antibiotic sensitivity pattern of the isolates. 
Antibiotics Zone diameter (mm) 
B1 B2 B3 R 
Azithromycin  15 15 5 15 
Ciprofloxacin  25 28 25 39 
Ampicillin  no zone no zone 10 0 
Cefradine no zone 15 no zone 15 
Cefalexin  no zone no zone  no zone no zone 
Kanamycine  12 no zone 17 27 
Amoxyclav  14 18 no zone 25 
Doxycycline  15 20 21 22 
Streptomycin  10  15 7 12 
Gentamicin  no zone 15 no zone 15 
Erythromycin  no zone no zone 20 10 
Tetracycline  18 25 24 25 
American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2019) Volume 59, No  1, pp 230-243 
238 
 
(5-10 mm) = Resistance to antibiotic (R), (10-15 mm) = intermediate resistance (I)  (15 -20  mm) = Sensitive to 
antibiotic (S), (>20 mm) = Hyper sensitive (H),  
Effects of temperature and pH on bacterial growth: 
The bacterial growth depended on the temperature and pH. The optimum pH for the growth of the isolates was 7.0. 
Bacterial growth was also recorded in other pH values ranging from 6.0 to 8.0 (Fig 5). The optimum temperature for 
the growth of bacteria was 37ºC and growth rate was moderately low in other temperatures such as 28ºC and 42ºC 
(Fig 6).  
  
  
Figure 5: Effect of pH on bacterial growth of B1,B2,B3 and R 
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Figure 6: Effect of temperature on bacterial growth of B1,B2,B3 and R 
4. Discussion 
The burden of waterborne diseases is a paramount in the globe. About 4% of the global burden diseases are 
attributable to water, sanitation and hygiene[24]. Nearly 2.2 million people die every year due to diarrhoeal 
diseases globally. Of these, 1.8 million deaths occur alone in low-income countries. Further, in low and middle-
income countries one of the tenth leading causes of death is attributable to diarrhea- related disease[25]. It has 
been the goal of diagnostics to detect and enumerate target organisms in clinical and environmental samples 
rapidly and with sensitivity. Over the past ten years effective efforts have been made in this field[26]. Within the 
coliforms family E coli is of the prime interest and reliable indicator for fecal contamination rather than total 
coliform[27, 28], because its presence indicates recent fecal contamination with the possibility of enteric 
pathogens[29]. Assessment of water quality depends on detection of indicators in water samples[30]. In this 
study, it was found that 5 of 10 samples carried E. coli which is mostly concerned with fecal pollution[31, 32]. 
According to WHO, drinking water quality standards there should be no coliform as well as fecal coliform 
present in 100 ml or 0 colony forming units (cfu) per 100 ml (Health Services Academy 2005). Edberg and their 
colleague reported that E. coli survival depends upon environmental factors and type of water they mostly 
survived 4 to 12 weeks at moderate temperature[33]. In developed countries there are very rare cases to isolate 
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Salmonellae because of management of system[34]. Four isolates were considered for morphological, 
physiological and biochemical characteristics and they were gram negative, rod shaped and motile.  pH values 
of drinking water in this study were within range which is mostly confirmed by other authors[35]. Bacteria 
survive greatly depend upon incubation temperature[36]. According to WHO, bacterial growth increases when 
temperature increases and it will lowers down when temperature drops [16]. Similar results were found in this 
study. All isolates grew luxuriantly at pH 7.0 and temperature 37C which was comparable to other studies. 
Kirchman and Rich stated that bacterial species respond quickly to higher temperature when there is avalibilty 
of dissolved organic matter[37]. Bacteriological contamination in drinking water of different restaurant has 
remained one of the major problems in Rajshahi city. The chemical and biological contamination in drinking 
water is likely to occur due to leakage of pipes, pollution from sewerage, biofilm formation in the distribution 
system, intermittent water supply, and human activities[38, 39].  
5. Recommendation 
A regular monitoring for improvement of the water quality not only prevents disease and hazards but also 
checks the water resources from going further polluted. Moreover, the conservation of water sources is very 
important to provide safe water. Hence, development of regular monitoring system could be effective for 
protection of water sources from contamination by human and animal waste.  
6. Conclusion   
Around 50% of water sources of studied restaurants were contaminated with coliform bacteria indicating that 
bacteriological contamination in drinking water was one of the major problems in Rajshahi city, Bangladesh.  It 
was found that the tested drinking water was contaminated with diverse types of bacteria such as Enterobacter 
asburiae, Escherichia coli, Klebsiella pneumonia and Acinetobacter sp. However, all the isolates were sensitive 
to majority of the tested antibiotics indicating their infection could be managed by antibiotics available in 
markets.   
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